I1 n ( -, Clrn-1 n;a o < ; rlz itXX Abstract -A novel sub-harmonic injection-locked balanced oscillator is proposed. The circuit provides two outputs with a 1800 phase difference by employing a transmission line section for impedance transformation to meet the oscillation conditions. A coupling network is connected at the mid-point of the transmission line to inject the sub-harmonic frequency. This eliminates the need for a circulator or balun. The circuit is small and consumes low DC power. Under the locking state, the circuit provides double the injection frequency and also the phase noise of the two outputs is substantially improved.
the variety of the injection power levels are investigated. It also shows the balanced amplitude and phase difference between the two output of this subharmonic injection-locked oscillator under the locking state by using the external mixers. This experiment was set up in order to ensure the amplitude and phase output properties of the balanced oscillator. The circuit gives many advantages, including a simple design technique and low DC power consumption. In addition, the circuit size is relatively small because a circulator and balun at the injection port and input/output ports, respectively, are eliminated. I. INTRODUCTION Local-oscillator phase noise is a key performance parameter in a communication system, since, for example, it affects the rejection of adjacent channel interference (ACI) and the ability to detect weak signals. Therefore, low phase noise oscillators are needed for the next generation of millimeter wave communication. A technique popularly used to stabilize the free-running frequency is the injectionlocked oscillator. This also introduces an improvement to the phase noise performance of the oscillator. The prospect of using the synchronous oscillator to lock a signal at the same frequency (the free-running frequency) has been studied widely in the literature [1] - [2] . A sub-harmonic injection-locked technique has been also proposed as a particular technique for optical synchronization of the remoted local oscillator at microwave and millimeter-wave applications [3] - [4] . Recently, an injection-locked push-pull or balanced oscillator was proposed and applied to a spatial power combining array antenna [5] . Though the structure proposed in [6] can be applied with an external subharmonic injection signal, a large circuit area due to the use of a transmission line to achieve 180°phase difference outputs is its main disadvantage.
In this paper, we propose a novel structure for a subharmonic inj ection-locked balanced oscillator (SILBO). The balanced oscillator designed approach is based on the extended resonance technique [7] , which is described in section II. Section III shows the measurement results. The stabilized injection-locked oscillating signal and the locking range with respect to II. DESIGN TECHNIQUE The proposed circuit diagram is shown in Fig. 1 . The sub-harmonic injection-locked balanced oscillator is designed and constructed on FR4 and uses Siemens CFY30 GaAs FET devices. The oscillation condition is met using a two-terminal negative resistance method [8] . In this case a short open circuit stub is used as a series feedback to provide the negative resistance. The use of a transmission line between the two active devices is used to satisfy the oscillation conditions and the 1800 phase difference between the oscillating output signals [9] . Then, the matching network (MI) is required to fulfill the oscillator condition at the design frequency. This causes the input impedance of one active device to be the load impedance for the second active device seen at the gate of the second device, and vice versa. Its circuit equation in the free-running state is given by
where ZDX(V, 0) is the input impedance , ZINC(V, 0 is the load impedance andX is 1 or 2. The impedance of each device, ZDJ(V,0o and ZD2(V, 0, is RL-R-jX. By using a transmission line, the impedance of the first device, ZD1(V, o, is transformed such that the impedance 74NC(Vo, seen by this active device is RL+R+jX. Then the two devices resonate with each other.
The synchronized sub-harmonic signal is injected to the balanced oscillator through the matching network (M2) at sub-harmonic frequency, free-running frequency/2. Instead of using the circulator, the matching network is connected at the mid-point of the transmission line so that the symmetrical structure is still maintained. Thus, the advantage of this topology is that a circulator is not required and the circuit also provides a perfect LO isolation at the injection port. To investigate the sub-harmonic injection-locking, a phase-locked signal generator is connected to the matching network to feed the injection signal into the oscillator. Fig. 3 shows the output spectrum of the subharmonic injection locked balanced oscillator. The locking range with respect to the injection power level was then measured. Fig. 4 shows the locking range of this sub-harmonic injection-locked balanced oscillator. The locking ranges of this oscillator are 110 kHz and 600 kHz with the injection power levels of -5 dBm and 2.5 dBm, respectively. 
III. MEASUREMENT RESULTS
The biasing is provided through a tee junction at each output port. The circuit was biased at VDS = 2.5 V and VGS = -0.4 V. The free-running frequency of this balanced oscillator was measured by terminating a 50-ohm load at the injection port. The oscillator provides a free-running frequency at 1.9539 GHz. with a power of 4.5 dBm. The circuit consumes 23.27 mWatt.
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Injection power (dBr) Fig. 4 : The measured locking range with respect to the injection power level. In order to investigate the amplitude balance and phase difference between the two outputs of the SILBO, the test bench is setup as shown in Fig. 5 
IV. CONCLUSIONS
The sub-harmonic injection-locked balanced oscillator has been presented. The oscillator provides a pair of out-of-phase outputs. By employing the symmetrical configuration, the properly coupled transmission line is used as the matching network at the centre of the circuit. The external locking signal, whose frequency is approximately half the free-running frequency, is injected to the center of the transmission-line between the devices. As a result, locked output signals are obtained. Under the locking state, the oscillator provides double the injection frequency with a significant phase noise improvement, whilst still maintaining 1800 phase difference as shown in the experiment section. The advantage of this circuit is that it is simple to design since the design eliminates the need of the circulator for the injection signal. The LO/RF balun is also not needed in real applications such as balanced mixers. This reduces the circuit size and also minimises cost for MMIC fabrication. It is found that the SIBLO consumes low DC power. Furthermore, this technique can improve the phase noise in the balanced oscillator, which can cause many difficulties in the communication applications.
